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B-lactoglobulins A and B prepared by the

action of carboxypeptidase A were determined in water and sodium chloride solu-
tion. It was found that solubility of both A and B B-lactoglobulin decreased rapidly
with the removal of C-terminal isoleucine and penultimate histidine, both forms

having essentially the same solubility in

water and sodium chloride solutions after

the removal of 2 moles each of these amino acids per mole of protein. The finding
that the difference in solubility of g-lactpglobulins A and B is eliminated by the re-

moval of the same amino acids from the
tion between the genetic variant amino
which produces a rather large effect on t

Previous solubility studies on the genetic
variants of B-lactoglobulin have shown that,
type B, containing 2 more alanine and gly-
cine and 2 less valine and aspartic acid resi-
dues than type A, is much more soluble in
water and dilute salt solutions than type A
(1-3). If, however, the solubility in sodium
chloride is divided by the solubility in water,
the logarithm of the ratio is the same for any
given salt concentration for both type A and
B g-lactoglobulins, indicating the same num-
ber of dipoles in these two types of B-lac-
toglobulin (3). It became of interest to
determine if these solubility relations of
B-lactoglobulin would also be true of B-lacto-
globulin derivatives produced by the action
of carboxypeptidase A in which the C-ter-
minal end groups are removed as described
by Davie et al. (4) and also by Kalan et al.
(5).

The present paper describes the solubilities
of these crystalline derivatives of B-lacto-
globulins A and B produced by the action of
carboxypeptidase A.

! Eastern Utilization Research and Develop-
ment Division, Agricultural Research Service,
U. 8. Department of Agriculture.

carboxy terminal chain suggests an interac-
acid residue and the C-terminal amino acid,
he solubility of the protein.

MATERIALS AND METHODS

Preparation of B-lactoglobulin. Milk was ob-
tained from individual Jersey cows the g-lactoglob-
ulin of which had been previously typed by
gel electrophoresis. Milk from two cows was com-
bined for the preparation of g-lactoglobulin A.

The method of Palmer as modified by Treece
et al. (3) was used to prepare g-lactoglobulin. The
products were crystallized 4 times by dissolving
in 0.1 M NaCl and dialyzing against distilled water
and stored at 5° under toluene.

Preparation of B-lactoglobulin derivatives. The
methods described by Davie et al. (4) and Kalan
et al. (5), with some modification, were used to
prepare the g-lactoglobulin derivatives. A com-
mercial 3X-crystallized preparation of carboxy-
peptidase A, treated with diisopropylfluorophos-
phate (DFP), was used in water suspension.
B-Lactoglobulin was dissolved by adding 0.1 N
NH.OH to an aqueous suspension of the crystals
until the pH reached 7.9. Any insoluble material
was removed by centrifugation. The g-lactoglobu-
lin solution was diluted to 250 ml and a protein
concentration of 2-3% as determined by absorp-
tion at 280 my using an extinction coefficient of 9.7.
Fifty mg of carboxypeptidase A were added and
kept in suspension by stirring. The enzyme was
allowed to react for 3 hours at 37°. Changes in the
optical rotation were followed during the incuba-
tion period. The carboxypeptidase was then re-



TABLE I

CONTENT OF SELECTED AMINO AcIDS|IN 8-LACTOGLOBULINS A AND B AND IN THEIR DERIVATIVES
PropurED By CARBOXYPEPTIDASE A

Residues per mole of protein®

L

. . BLg BLg, 3 hour derivative BLg, 6 hour derivative
Amino acid ;

A B A B A B
No. 1 No. 2 No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
Glycine 6.1 8.2 1 6.0 8.0 7.9 6.1 6.1 8.0 8.1
Aspartic acid 32.4 30.4 2.8 31.8 30.6 29.9 32.2 32.8 30.7 30.6
Alanine 28.0 30.1 4 27.9 30.1 28.7 28.0 27.8 30.6 30.1
Valine 19.3 |, 17.5 .0 19.5 18.2 17.5 19.4 19.3 17.8 17.9
Isoleucine 19.4b 19.5% 17 .4 17.3 17.3 16.5 17.0 18.5 17.4 17.5
Histidine 3.7 3.8 4 2.2 3.1 3.0 1.9 1.9 2.2 2.3

e Calculated on the basis of 8 residJes of phenylalanine per mole of protein and on analysis of 24-

and 72-hour hydrolyzates.
b Value from Gordon et al. (12).

moved by centrifugation and the pH of|the super-
natant adjusted to pH 5.5 by the addition of
0.5 N HCI. Crystals of the derivative formed im-
mediately and, after standing for 1 hour, were re-
moved by centrifugation. After washing with
water, the crystals were dissolved in 0.2 M NaCl.
A small amount of insoluble material was removed
and the crystalline derivative was obtained by
dialysis of the supernatant. The prodyct was re-
crystallized 4 times in this manner and stored
under water and toluene at 5°.

The amino acid content and solubility of the
derivatives prepared by a single 3-hour period of
hydrolysis with carboxypeptidase were deter-
mined. However, the histidine content was
greater than the value consistent with the removal
of two histidine residues per mole of protein.
Consequently, the derivatives were dissolved in
NH,OH and reacted with carboxypeptidase A for
a second 3-hour period following the |same pro-
cedure as was used in the first period of hydrolysis.
The solubility of the crystalline derivative pro-
duced by the second treatment with carboxypepti-
dase was so small that it was found to be desirable
to dissolve the product in 0.2 M (NH,)2
of 0.2 M NaCl in recrystallizing it. A
proximately 3 gm of 4X -crystallized 8-
lin derivative which was obtained from 5 gm of
B-lactoglobulin after the first 3-hour| period of
hydrolysis with carboxypeptidase A, was reduced
to 2.4 gm after the second 3-hour period of hy-
drolysis.

Electrophoresis. The purity and type of the
B-lactoglobulins were repeatedly verified using the
polyacrylamide gel electrophoretic me%hod at pH

8.9 as described by Peterson (6). No differences in
the mobilities at pH 8.9 could be detected between

B-lactoglobulins A and B and their respective
derivatives. Since histidine is essentially un-
charged at this pH, its removal should not affect
the mobility of the protein.

Amino actd content of the B-lactoglobulin deriva-
tives. The amino acid content of the 8-lactoglobu-
lins and their derivatives were determined by the
Spackman et al. method (7) using an automatic
analyzer. The content of variable amino acids in
B-lactoglobulins A and B and their derivatives are
given in Table I. The remainder of the amino acid
composition of these products were all within the
range commonly accepted for g-lactoglobulins A
and B, illustrating that the hydrolysis by carboxy-
peptidase removed only C-terminal isoleucine and
penultimate histidine. The results recorded in
Table I show that 2 residues of isoleucine are re-
moved from both types of g-lactoglobulin in the
derivatives prepared by one 3-hour and two
3-hour periods (referred to as 3- and 6-hour de-
rivatives in Table I and subsequently). The reduc-
tion of the histidine content of the 3-hour deriva-
tives is less than 2 residues per mole of protein;
however, the second treatment with carboxypep-
tidase further reduced the histidine content. The
results as given in Table I indicate that 2 residues
of histidine were removed from the type A and
slightly less than 2 residues from type B.

Solubility determination. Solubility was deter-
mined as previously described (3). A fairly large
excess of protein was used in order to avoid possi-
ble changes in solubility due to low ratios of pro-
tein to solvent similar to that found in g-lacto-
globulin. The effect of varying the ratio of protein
to solvent was not determined because of the very
small solubilities of the B-lactoglobulin deriva-
tives. Solubilities were calculated from absorption
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measurement:so at 278 my using an extipetion co-
efficient of Eic/;’n = 9.7.
RESULTS

Solubilities of the g-lactoglobulin deriva-
tives in water and dilute sodium chloride are

1.8 T T T T T

GMS./ 1000 cc.

LOG PROTEIN SOLUBILITY,

0.6 1 1 1

1
0 001 002
CONCENTRATION OF NaCl, (M)
Fra. 1. Solubilities of B-lactoglobulins and
B-lactoglobulin derivatives plotted as a function
of sodium chloride concentration.

given in Table IT and Fig. 1. The réduction
in solubility of B-lactoglobulin by the treat-
ment with carboxypeptidase is largd in both

water and sodium chloride, in agreement

with the qualitative observations of Davie et
al. and Greenberg and Kalan (8). The solu-
bilities of the modified B-lactoglobulins were
reduced with each treatment with ¢arboxy-
peptidase; however, the solubility of the B
type was reduced to a much greater extent
than that of the A type with the result that
the 6-hour B derivative had about the same
solubility as the 6-hour A derivative.

The reduction in the solubility of the
B-lactoglobulin by treatment with carboxy-
peptidase was relatively greater in sodium
chloride than in water, as illustrated in Fig.

2, as the logarithm of the ratio of the solubil-
ity in salt to the solubility in water is con-
siderably smaller for the derivative than the
unmodified protein. The solubilities of the
derivatives in water are very small and tend
to increase with time, perhaps due to an in-
crease in the pH of the solution to values
higher than the iso-electric value of 5.2. The
solubility values of the 8-lactoglobulin deriv-
atives in sodium chloride fall on a straight
line when plotted against the square root of
the ionic strength but extrapolate to much
lower values for the solubility in water than
the observed values, similar to the previously
reported results for g-lactoglobulin (3). The
solubility values in salt, when plotted against
lonic strength, however, extrapolate reason-
ably well to the observed solubility in water,
as shown in Fig. 1.

DISCUSSION

The fact that the solubilities of the deriv-
atives of the g-lactoglobulin A and B pro-
duced by the action of carboxypeptidase are
approximately the same in both water and
sodium chloride solutions indicates that the
great difference in solubility of unmodified
B-lactoglobulin A and B is due to a unique
relation between the genetically variable
amino acids and the carboxyl end of the
chain. Previous investigators have suggested
that both the C-terminal and the genetic
variant amino acids are near the surface of
the molecule. Thus, the finding that the re-
moval of C-terminal isoleucine and histidine
produced little change in optical properties
and conformation suggested to Greenberg
and Kalan (8) that these residues are located
on the external surface of the molecule.
Watson and Kendrew (9) have also con-
cluded that in nearly all cases of genetic
variants of normal hemoglobin the substi-
tuted amino acid residues stick outward from
the molecule so that substitution would not
be expected to affect the tertiary structure.
The finding that the A and B type 6-hour
derivatives have the same solubility even
though the genetic variant amino acids are
present indicates that there is some kind of
interaction between the C-terminal amino
acid and the genetic variant that produces a
large effect on solubility of the protein and
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Fig. 2. Solubilities of B-lactoglobulins and Btlactoglobulin derivatives expressed as the log of the

ratio of the solubility in sodium chloride divid
chloride concentration.

that the removal of the C-terminal amino
acid destroys the unique solubility effect. It
is possible that the hydration of the protein
would be affected in a parallel fashion. Ex-
periments on the water content of the crys-
tals of genetic variants and C-terminal
modified proteins will be undertaken to de-
termine this point.

Greenberg and Kalan (8) reported that the
specific rotations of the carboxypeptidase
modified B-lactoglobulins are slightly higher
than the unmodified protein. Our results are
consistent with this finding since the optical
rotation of the B-lactoglobulin solution in-
creased during the action of carboxypepti-
dase, particularly during the first 3-hour
period of hydrolysis and only slightly during
the second 3-hour period of hydrolysis, es-
sentially paralleling the rate of removal of
amino acids as studied by Kalan and Green-
berg (10).

Treece et al. (3) reported that when the
solubilities of B-lactoglobulins A and B in
sodium chloride solutions are divided by the
solubility in water, the logarithm of the ral&io
is the same for each concentration of sodium
chloride, as shown in Fig. 2. This finding is
consistent with the theory of Scatchard and
Kirkwood (11) that the logarithm of the
activity coefficient is directly proportional to
the ionic strength. The results of this al-

d by the solubility in water as a function of sodium

culation on the solubility values of the
B-lactoglobulin derivatives are also shown to
follow a similar pattern in Fig. 2, although
the variations are larger for the derivatives
than for the B-lactoglobulins. This greater
variation in log (S;/S,) for the derivatives
could be due to the difficulties encountered
in determining the solubilities in water. The
values for log (S;/So) for the 6-hour deriva-
tive of B-lactoglobulin B appear to be defi-
nitely greater than for the other derivatives;
consequently, two curves were drawn for the
solubilities of the derivatives. The smaller
slopes for the values of log (S1/8o) for the
B-lactoglobulin derivatives than for B-lacto-
globulin indicate that the removal of the
two histidine residues reduced the number of
dipoles in the molecule.
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